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Objective: To describe 3 measures of incidence used in
sports injury epidemiology.
Background: To promote safety in sports, athletic trainers
must be able to accurately interpret and apply injury data and
statistics. Doing so allows them to more efficiently articulate this
information to school administrators in recommending increas-
es in medical resources, such as more personnel, better ser-
vices, and safer facilities and equipment.
Description: Using data from a study of high school sports
injuries, we review incidence rates, epidemiologic incidence
proportions, and clinical incidence. The incidence rate is the
number of injuries divided by the number of athlete-exposures
and is based on the epidemiologic concept of person-time at
risk. It accounts for variation in exposure between athletes and
teams and is widely used by researchers. The epidemiologic
incidence proportion is the number of injured athletes divided
by the number of athletes at risk. It is a valid estimator of
average injury risk, yet it is rarely used in sports injury epide-
miology to communicate information about such risks to non-
scientists. Clinical incidence is a hybrid between the epidemi-
ologic incidence proportion and the incidence rate in that it uses
the number of injuries in the numerator but the number of ath-
letes at risk in the denominator. It has been widely used in
research on high school football injury but is neither a valid
estimator of risk nor a true rate.
Advantages: Athletic trainers who understand the causes of
and risk factors for sport-related injury are better positioned to
make safe return-to-play decisions and decrease the likelihood
of reinjury in athletes.
Key Words: injury epidemiology, injury prevention
The distinction and interpretation of sports injury statis-tics are relevant to the role of athletic trainers, who areresponsible, in part, for promoting the safety of sport
in society. It is therefore important for athletic trainers in all
settings to gain an understanding of the causes of and risk
factors for sport-related injury. To do this, athletic trainers
must be able to accurately interpret and apply injury data and
statistics to more efficiently articulate this information to
school administrators in recommending increases in medical
resources, such as more personnel, better services, and safer
facilities and equipment. Ultimately, athletic trainers who un-
derstand these concepts will be better positioned to make safe
return-to-play decisions and decrease the likelihood of reinjury
in athletes.
At least 3 target audiences exist for these 3 different mea-
sures of incidence: the athlete, the research scientist, and the
clinician. Understandably, the athlete (or his or her parents) is
most interested in the answer to the question, ‘‘What is the
risk of injury if I play a specific sport (eg, high school football)
this season?’’ Athletes with a history of injury during the sea-
son may be more interested in the probability of a subsequent
injury if they continue to play. The epidemiologic incidence
proportion (IP) (the number of injured athletes divided by the
number of athletes at risk), as a measure of average risk, is
well suited to this type of question. From a scientific perspec-
tive and for epidemiologists in particular, questions such as
‘‘What is the incidence of injury per unit of exposure (eg,
games, practices, hours, or minutes)?’’ may require the use of
rates rather than risks to accommodate the different lengths of
playing seasons for various sports, amount of exposure to
sport, and lengths of follow-up among athletes. Finally, cli-
nicians may approach sports injuries from a resource-utiliza-
tion standpoint (eg, how many injuries they expect to treat in
a season). Clinical incidence can be used to address this type
of question.
BASIC MEASURES OF INJURY INCIDENCE
Incidence refers to the number of new occurrences of dis-
ease during a specified period of time.1 Risks and rates are 2
distinct ways of measuring the incidence of sports injury, but
many people incorrectly assume that rates and risks are essen-
tially one and the same. This commentary reviews 3 measures
of incidence—epidemiologic IP, incidence rate (IR), and clin-
ical incidence—and addresses their interpretation in sports in-
jury studies. The epidemiologic IP is interpreted as the average
risk of injury per athlete and the IR is the incidence of injury
per unit of athlete time, whereas the clinical incidence is more
appropriate as a measure of resource utilization.
Example: North Carolina High School Athletic Injury
Study
We use data from the North Carolina High School Athletic
Injury Study (NCHSAIS) to provide examples of conceptual
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Table 1. Definitions of Epidemiologic Terms Commonly Used in Sports Injury Research
Term Definition Sport Injury Example Typical Use in Epidemiology
Prevalence Proportion of population who has
disease at a specific time1
Proportion of 1 athletic team who is current-
ly injured
Quantifies the number of cur-
rent* cases relative to the size
of the population at risk
Incidence Occurrence of new cases of dis-
ease in a population during a
specific period of time1
New occurrences of injury on 1 athletic
team during 1 season
Quantifies the number of new†
cases relative to the size of
the population at risk
Risk or incidence
proportion
Proportion of a closed population
at risk who becomes diseased
within a given period of time1
Proportion of athletes who have at least 1
incident of injury during a fixed period of
time (eg, 1 season)
Measure of incidence
Incidence rate Occurrence of new cases per unit
of person time
Number of incident injuries divided by total
athlete-time‡ at risk; athlete-time at risk
may be computed by multiplying the total
number of exposures (eg, games and
practices) by the number of athletes par-
ticipating
Measure of incidence
Clinical incidence No formal definition Occurrence of sport injury per athlete, de-
fined as the number of incident injuries di-
vided by total number of athletes at risk
Labeled a measure of incidence
but is more correctly an indi-
cator of resource utilization
*Current cases indicate existing injuries at any given point in time.
†New cases indicate new injuries that occur over a specific period of time.
‡Athlete time indicates the amount of time athletes are at risk (defined as games, practices, or some other measure of exposure time).
links and differences among these various incidence measures.
The NCHSAIS prospectively collected injury data from 1996
to 1999 from varsity athletes in 12 sports in 100 public high
schools.2 Specific results of this study have been published.3–5
In this study, we describe the injury experience of 2 high school
teams—a football team and a volleyball team—during the
course of 1 season and show how to compute risks and rates.
We chose these teams for illustrative purposes only.
BASIC EPIDEMIOLOGY: INCIDENCE VERSUS
PREVALENCE
In sports injury research, it is important to distinguish be-
tween incidence and prevalence (Table 1). In epidemiology,
prevalence refers to the proportion of individuals in a popu-
lation who have a disease at a particular time, whereas inci-
dence refers to the number of new occurrences of disease dur-
ing a specified period of time.1 As applied to sports injury
epidemiology, the prevalence of injury is the proportion of
athletes who have an existing injury at any given point in time,
whereas injury incidence is the number of new injuries that
occur over a specific period of time, such as from the start of
the season. Consequently, our focus is issues related to esti-
mating injury incidence, rather than prevalence, in sports in-
jury research.
INTRODUCTION TO RISKS AND RATES
The word risk is often used very loosely in sports injury
epidemiology, and many scientists incorrectly refer to rates as
if they were risks (and vice versa). For example, it would not
be unusual to hear a statement such as, ‘‘The fact that the
injury rate is higher in football than in volleyball means that
there is a greater risk of injury in football.’’ However, a more
precise definition of risk is the average probability of injury
per athlete, an interpretation that is in line with modern epi-
demiologic concepts.1
To illustrate the differences between risks and rates, consid-
er the numerator and denominator values for each type of mea-
sure. The numerator of the risk is the number of injured ath-
letes, whereas the numerator of the rate is the number of
injuries. The number of injuries is greater than the number of
injured athletes when 1 or more athletes sustain repeat or mul-
tiple injuries during the season. The denominator of the risk
is the number of athletes at risk, whereas the denominator of
the rate is the total amount of time the athletes are at risk.
The IP directly measures the average risk of injury as the
number of injured athletes divided by the total number of ath-
letes at risk during a specified time period (ie, a team during
1 season). This quantity plays an important role in sports in-
jury epidemiology because it directly estimates the injury risk.
The IR, defined as the number of injuries divided by the total
person-time at risk (eg, athlete-exposures) is not a direct mea-
sure of injury risk because it is a rate, not a risk; however, as
we discuss later, it has many important advantages for specific
sports injury research. A third measure, which we have named
clinical incidence for the purpose of this study, has not been
formally defined in the epidemiologic literature, though it has
been widely used in sports medicine research. Clinical inci-
dence is a hybrid measure of incidence that represents the
average number of injuries per athlete. It uses the number of
injuries (rate numerator) in its numerator but the number of
athletes at risk (risk denominator) in its denominator. Clinical
incidence is neither a risk nor a rate, although it may serve as
an indicator of clinical or resource utilization. Because of the
lack of a consistent standard in the literature, it is important
to distinguish among the different interpretations of each mea-
sure.
If each injured athlete sustains only 1 injury during the sea-
son, the epidemiologic IP and the clinical incidence measure
are the same (ie, numerically equivalent). However, the epi-
demiologic IP and clinical incidence differ if some athletes
sustain more than 1 injury during the season. In this situation
(multiple injuries per athlete), the clinical incidence has no
meaningful interpretation as a measure of average risk. The
epidemiologic IP, on the other hand, always has a meaningful
interpretation in terms of average risk.1 However, the epide-
miologic IP is rarely used in the sports injury literature be-
cause is it hard to compare different sports by using IP. The
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IR is generally used instead. Nevertheless, IP is a useful means
of communicating information about average risk to the gen-
eral public.
Counting sports injury events and exposure opportunities
may seem simple, yet unique methodologic challenges occur
in estimating injury incidence. For example, it is possible for
athletes to sustain recurrent injuries to the same or different
body sites (eg, repeated concussions or anterior cruciate liga-
ment injury to both knees). This issue of recurrent outcomes
is also present in research areas such as cardiovascular disease
epidemiology and cancer epidemiology, in which diseases can
and do recur over time. In chronic disease epidemiology, it is
typical for incidence studies to focus on the initial onset of
disease (eg, onset of high blood pressure or primary tumor).
This is a less reasonable approach in sports injury epidemi-
ology because injuries heal and athletes recover; thus, ‘‘sec-
ondary’’ injuries on the same athlete often may represent eti-
ologically distinct events, as well as correlated events, which
may be due to issues such as risk-taking behaviors or the pres-
ence of nonmodifiable risk factors. In addition, multiple inju-
ries may occur during the same injury event (eg, sprained an-
kle and fractured toe). In that case, it is unclear which injured
body part would be considered the incident injury.
CONFIDENCE INTERVALS, P VALUES, AND
SAMPLE SIZE
Measures of incidence in sports injury epidemiology should
always be accompanied by confidence intervals (CIs). The
standard interpretation of the 95% CI is as follows: If a given
study were hypothetically repeated 100 times and 100 CIs
were computed from those studies, 95 of the 100 CIs would
contain the true incidence in the population. Confidence inter-
vals are related to study size. A small study generally has wide
CIs, indicating a less precise study, whereas a larger study has
narrower CIs (better precision). Of course, the underlying var-
iability of the rate also affects the CI.
Confidence intervals are closely related to P values. For
example, suppose a researcher wanted to test whether the in-
jury rate was different in 2 sports. This could be done by using
a P value or, equivalently, by comparing the 95% CIs for the
rates. If the 95% CIs do not overlap, then (in general) the P
value for testing whether the rates are different will be statis-
tically significant at the 5% level.
Confidence intervals are more useful than P values because
they contain more information than do P values alone. A P
value is just one number, whereas a CI is a range. Put another
way, CIs separate the size of the study (the width of the in-
terval) from the size of the effect (the rate), whereas P values
combine the study size and the study effect into 1 overall
measure.
Small Sample Size
Some sports injury studies are based on small numbers (eg,
a small number of athletes on one team or a small number of
teams within an organization). Overinterpreting the results of
analyses based on small study size is a danger. Wide CIs may
indicate incidence measurements that are unstable because of
small numbers. As an illustration of this, notice how much
wider the CIs in example 2 (below) are than the CIs in ex-
ample 1 because of the greater number of athletes and injuries.
In cases where the subgroup size (ie, the numerator of the
IP, clinical incidence, or IR) is less than 5, ‘‘exact’’ CIs are
preferred to the formulae given below. Describing the calcu-
lation of exact CIs is beyond the scope of this study but is
discussed in statistics texts.6 Exact statistics are available in
most statistical software packages such as SPSS (SPSS Inc,
Chicago, IL), Stata (Stata Corp, College Station, TX), or SAS
(SAS Inc, Cary, NC). However, the problem of wide CIs be-
cause of small numbers and the danger of overinterpretation
of the data exist regardless of whether the CIs are computed
by the formulae below or by exact methods.
APPLICATION OF CONCEPTS
Epidemiologic Incidence Proportion: First Injury
For sports injuries, the epidemiologic IP has an interpreta-
tion as the average probability, across all athletes, that an ath-
lete will be injured during a season (or seasons) of participa-
tion. Essentially, the numerator of the IP is a subset of the
denominator, so the resulting proportion has a lower bound of
0 and an upper bound of 1, inclusively. Thus, for sports injuries,
the estimated epidemiologic IP would be as follows1:
For a season, estimated epidemiologic IP
5 (number of injured athletes in a season)
4 (number of athletes at risk at start of season),
where the number of injured athletes is defined as the number
of athletes who sustain at least 1 injury. Thus, if only 1 athlete
on the team is injured during a season but he or she sustains
5 injuries, the numerator of the IP is 1, not 5. (In this situation,
the numerator of the IR is 5; see below.)
The formulae for calculating the SE and 95% CI for IP are
as follows7: Estimated SE for the epidemiologic IP is:
IP 3 (1 2 IP)
SE(IP) 5 ,! n
where n is the number of athletes at risk of injury at the start
of the season
Estimated 95% CI 5 IP 6 1.96 3 SE(IP).
However, it is important to note the implicit time period of
interest, typically 1 season, and that athletes are assumed to
have complete follow-up in terms of injury occurrence and
recovery. If follow-up is not complete, the epidemiologic IP
will underestimate the average risk of injury in the population.
We stress that the time period over which the epidemiologic
IP is defined (eg, 1 season, 5 seasons, or 1 week) should al-
ways be reported; this measure has no logical interpretation
unless the duration of the follow-up period is specified. The
events in the numerator can be considered to be generally sta-
tistically independent because the events involve injured ath-
letes, not injuries, and this means that the simple formula for
the SE, as above, can be used.
Example 1
The first example with NCHSAIS data involves the injury
experience of 1 high school football team during 1 season. A
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Figure 1. Incidence of injury on 1 high school football team during
1 season. *Athlete-exposure is defined as 1 athlete participating in
1 game or practice.
Table 2. Calculation of Incidence Measures for High School Football Team Described in Figure 1
Incidence Measure Estimated Incidence Formula for Estimated SE 95% Confidence Interval
Incidence rate 44 injuries/3860 athlete-exposures











22 injured athletes/36 athletes on
the team during 1 season 5
0.611 or 61.1%
IP 3 (1 2 IP) 0.611 3 (1 2 0.611)
5! !n 36
5 0.081253889
0.611 6 1.96 SE
5 (0.45, 0.77)
Clinical incidence 44 injuries/36 athletes on the team
during 1 season 5 1.22 injuries
per athlete
Same as for epidemiologic IP 1.22 6 1.96 SE
5 (0.92, 1.52)
team with 36 athletes experienced 44 injuries among 22 ath-
letes during a single season (Figure 1). Therefore, the epide-
miologic IP for 1 season is 0.611 (22 injured athletes/36 ath-
letes at risk at the start of the season). Thus, the average
probability that any athlete on this team will sustain at least 1
injury during the course of 1 season is 61.1% (95% CI: 45.2%,
77.0%). The epidemiologic IP is a valid estimate of average
risk and is the most appropriate way to address the question,
‘‘What is the average risk of injury to a football player on this
team during a season?’’ The answer is that 61.1% of football
players were injured during the season. Specific risk factors
may, of course, increase or decrease a specific individual’s risk
of injury, but the average risk of injury for athletes on this
team for 1 season was 61.1%.
Epidemiologic Incidence Proportion: Risk of Repeat
Injury
The average probability of sustaining at least 1 injury does
not provide the complete picture of the athlete’s risk of injury
throughout the course of a season because it combines players
with single as well as multiple injuries. For example, of the
22 injured athletes, 10 sustained more than 1 injury, with 1
athlete having 6 separate injuries during that season (Figure 1,
Table 2). Multiple injuries are common in high school football,
which leads to a follow-up question for athletes: ‘‘Given that
I’ve had 1 injury this season, what’s the probability that I’ll
have another injury?’’ In this example, the probability of sub-
sequent injury during 1 season is 45.4% (95% CI: 25.0%,
66.3%). It is important to note the numerator from the epi-
demiologic IP for at ‘‘least 1 injury’’ is now the denominator
for the epidemiologic IP of ‘‘2 or more injuries’’ (10 athletes
with more than 1 injury/22 injured athletes). To take the ex-
ample an additional step, the probability for subsequent injury
if the athlete has already had 2 injuries is 80.0% (95% CI:
55.2%, 100.0%; 8 athletes with more than 2 injuries/10 ath-
letes with more than 1 injury). As the number of injuries per
injured athlete increases, the denominator continues to de-
crease until all the players have been injured or the season
ends and they are no longer at risk. The effect of this con-
stantly decreasing denominator is that the CIs rapidly become
wide, and, in practical terms, it is difficult to make meaningful
conclusions about risks for third, fourth, fifth, and more inju-
ries.
An important conclusion from the analysis of repeat injury
risks is that the risk of subsequent injury does not decrease to
0 and, in fact, may increase once an athlete is injured. The
distinction between first injuries and subsequent injuries is per-
tinent to parents, athletic trainers, and other medical staff but
is rarely, if ever, discussed in the sports injury literature. Con-
sequently, the actual risk of injury for athletes has not been
successfully communicated to practitioners because it is not a
single number but rather a sequence of conditional probabili-
ties.
Incidence Rate
In addition to the athlete’s perspective of risk, the time spent
at risk is also important to consider, particularly from a re-
search perspective. This focus may be to address questions
such as, ‘‘What is the rate of injury per unit of exposure?’’
where the unit of analysis is the number of injuries, not the
number of injured athletes. The IR is the preferred estimator
of occurrence in this case, accounting for variations in time at
risk among athletes. Time at risk may be defined in terms of
athlete-seasons (1 athlete participating for 1 season), athlete-
games (1 athlete participating in 1 game), athlete-practices (1
athlete participating in 1 practice), athlete-exposures (1 athlete
participating in 1 game or practice), or athlete-minutes or ath-
lete-hours. In general, exposure time information should be
collected as precisely as possible (eg, minutes or hours), and
some authors have attempted to quantify the minutes or hours
of sport participation for individual athletes. Because this is
very difficult to do, more often the number of competitions
and practices per individual athlete is used. In that case, the
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Table 3. Examples of Reported Risk Estimates in the High School Football Sports Injury Literature, 1974–2003






DuRant et al (1992)11 ‘‘The highest proportion of athletes injured occurred among
male football (36.3%) . . .’’
Proportion Epidemiologic incidence
proportion
Adkison et al (1974)12 ‘‘Overall, 218 injuries occurred during the 424 games . . . for a
rate of 0.51 injuries per game’’
Incidence rate Clinical incidence
Mueller and Blyth
(1974)13
‘‘The combined four year injury rate was 0.488 or 48 injuries per
100 players . . .’’
Incidence rate Clinical incidence
Garrick and Requa
(1978)14
‘‘. . . men’s injuries occurred at a rate of 39 per 100 partici-
pants,’’ ‘‘the highest rates were in football (81 injuries/100 par-
ticipants) . . .’’
Incidence rate Clinical incidence
Olson (1979)15 ‘‘The average case rate for these 4 years was 10.50%’’ Incidence rate Clinical incidence
McLain and Reynolds
(1989)16
‘‘An overall injury rate of 22% was found . . .’’
‘‘The largest injury rate was in football (61%) . . .’’
Incidence rate Clinical incidence
Prager et al (1989)17 ‘‘. . . an injury rate of 42.1 per 100 players’’ Incidence rate Clinical incidence
DeLee and Farney
(1992)18
‘‘The total population at risk in our study was 4399 student ath-
letes, of which there were 2228 injuries, producing an injury
rate of 0.506 . . .’’
Incidence rate Clinical incidence
Gomez et al (1998)19 ‘‘The overall injury rate was 5.66 injuries per 1000 hours of
playing time’’
Incidence rate Incidence rate
Powell and Barber-Foss
(1999)20
‘‘For football, the case rate of injury per athlete-exposure was
8.1/1,000 athlete-exposures’’
Incidence rate Incidence rate
Gunnoe et al (2001)21 ‘‘The total injury rate for this study . . . was 7.84 injuries per
1000 AEs [athlete-exposures]’’
Incidence rate Incidence rate
Turbeville et al (2003)22 ‘‘The overall injury rate was 3.20 injuries per 1,000 athlete-expo-
sures . . .’’
Incidence rate Incidence rate
general term athlete-exposure is often used. The use of athlete
exposures is an application of the general epidemiologic con-
cept of person-time at risk that is specific to sports injury ep-
idemiology. For convenience, we use the term person-time be-
low, but this will be athlete-exposures in our example data.
For epidemiologic purposes, an IR is estimated as follows1:
Estimated IR
5 {[number of events during a specified
period (# injuries)]
4 (total person-time at risk during a specified period)}
3 (sum of person-time).
An IR has a lower bound of 0 and an upper bound of in-
finity. It is expressed in units that are the inverse of person-
time. Specifically, ‘‘a person-time rate expresses the increase
in the incidence number [of events] we expect per unit increase
in person-time.’’1 Repeat injuries in the same athlete violate
standard assumptions of statistical independence. When an
event or disease can recur, an IR is often specified as the rate
of first occurrence. Thus, as soon as a population member has
experienced the first event, it is counted in the numerator, and
he or she stops contributing time to the denominator until el-
igible again for another event (ie, when the athlete returns to
play). To account for the fact that some of the injuries are
correlated within athletes, a clustered variance estimator may
be needed.8,9 If the number of multiple injuries per injured
athlete is low, these formulae for calculating the estimated SE
and 95% CI can be used7:
Ï# injuries
Estimated SE(IR) 5 and
sum of person-time
Estimated 95% CI 5 IR 6 1.96 3 SE(IR).
However, a complexity of sports injury research is the pos-
sibility that multiple injuries may occur to the same person at
the same time. For example, an athlete can sustain a concus-
sion and facial laceration in 1 injury event, whereas a person
cannot have 2 colds at once. In that case, 2 or more eligible
numerator counts for the first occurrence of injury may exist.
It is unclear how to account for this factor when estimating
IRs, though authors tend to estimate either rates of any oc-
currence or rates of primary diagnoses (ie, concussion as pri-
mary diagnosis over facial laceration). This highlights the dif-
ference between rates of injury events and rates of injuries.
Consider example 1 again. For the football team, 36 athletes
had a total of 3860 athlete-exposures during 1 season. In this
study, an athlete-exposure was defined as participation in
scheduled team practices or games during the course of the
season. Therefore, an athlete-exposure represents any oppor-
tunity for an athlete to be injured. With 44 observed injuries,
this translates to an estimated IR of 11.3 injuries per 1000
athlete-exposures (95% CI: 8.0, 14.8) for 1 season.
Clinical Incidence
Although the epidemiologic IP is a logical measure of the
average injury risk, it is rarely seen in the sports injury liter-
ature. Instead, an alternative incidence measure, clinical inci-
dence, has historically been widely reported. Table 3 shows
the reported injury incidences from a select group of studies
from the high school football injury literature over the past 30
years. The studies were identified through the PubMed data-
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Figure 2. Incidence of injury on 1 high school volleyball team dur-
ing 1 season. *Athlete-exposure is defined as 1 athlete participat-
ing in 1 game or practice.
Table 4. Calculation of Incidence Measures for High School Volleyball Team Described in Figure 2
Incidence Measure Estimated Incidence Formula for Estimated SE 95% Confidence Interval
Incidence rate 5 injuries/741 athlete exposures 3









5 injured athletes/17 athletes on
the team during 1 season 5
0.294 or 29.4%
IP 3 (1 2 IP) 0.294 3 (1 2 0.294)
5! !n 17
5 0.110497272
0.294 6 1.96 SE
5 (0.077, 0.511)
Clinical incidence 5 injuries/17 athletes on the team
during 1 season 5 0.29 injuries
per athlete
Same as epidemiologic IP 0.294 6 1.96 SE
5 (0.077, 0.511)
base10 with search strings including the phrase high school
football injuries. The chosen studies are not inclusive of all
studies of injuries in high school football but illustrate the
various injury statistics that have been reported in the past. It
is also important to note that the specific research questions
and study design will affect the type of data collected and,
therefore, which incidence measures can be estimated. How-
ever, it is equally important to appropriately interpret the mea-
sures that are ultimately reported and even more important to
design studies that comprehensively address the different ways
of computing incidence.
In contrast to the epidemiologic IP, the clinical incidence
defines the numerator as the number of injuries, not the num-
ber of injured athletes, yet still uses the number of athletes at
risk in the denominator:
Estimated clinical incidence
5 (number of injuries in a season)
4 (number of athletes at risk at start of a season).
This conceptual mismatch between the numerator (injuries)
and the denominator (athletes) results in a measure that has
no meaningful interpretation as an estimate of average risk.
One athlete can sustain multiple injuries during the course of
a season (as seen in example 1) and for each injury event.
Thus, the clinical incidence can be greater than 1. Although it
may be useful in addressing the expected burden on clinical
resources, which may account for its historical appeal, it does
not truly represent average risk. Unfortunately, many authors
have used clinical incidence as a surrogate measure of average
risk.11 Other authors refer to the clinical incidence as a
‘‘rate.’’12–22 This is also incorrect because it does not use a
person-time measure, such as athlete-exposures, in the denom-
inator.
Clinical incidence does not address the question, ‘‘What is
the probability that an athlete will be injured this season?’’
Rather, it addresses the question, ‘‘What is the expected fre-
quency of injury, given a certain number of athletes?’’ The
distinction is subtle. An epidemiologic IP approximates aver-
age risk, whereas clinical incidence addresses resource utili-
zation. This distinction is meaningful because clinical inci-
dence may be an important measure for athletic trainers
interested in clinical resources.
In example 1, the clinical incidence is 1.22 (44 injuries/36
players), or 122% for 1 season, whereas the average risk (ep-
idemiologic IP) is 61%. Clearly, risk cannot exceed 100% be-
cause an athlete cannot have greater than a 100% probability
of injury during any specific time period. Another issue is that
computation of a CI for the clinical incidence is complicated
and should account for the fact that multiple injuries may be
clustered in the same athlete, violating statistical assumptions
of independence, but the formulae given below for the IR will
be a reasonable approximation when the average number of
injuries per athlete is low (typically fewer than 1.2 injuries per
athlete).
Example 2
In some cases (ie, no multiple injuries), clinical incidence
is numerically close or even equivalent to the epidemiologic
IP, though the values do not have the same interpretation. Ex-
ample 2 shows the observed injuries for 1 high school volley-
ball team during 1 season (Figure 2, Table 4). Because there
were no multiple injuries (5 athletes sustained 5 injuries, 1
injury per injured athlete), the estimated epidemiologic IP of
29.4% (95% CI: 7.8%, 51.1%) is equivalent to the estimated
clinical incidence. In this example, the number of injuries in
the numerator also happens to be the number of injured ath-
letes. The interpretations of the values, however, are still dif-
ferent. The epidemiologic IP tells us that the probability of
injury for the average high school volleyball athlete during 1
season is 29.4%, whereas the clinical incidence tells us to ex-
pect an average of 0.294 injuries per high school volleyball
athlete. Again, the distinction is subtle, but the fact that both
work out to be 0.294 does not result in the same interpretation.
In terms of the IR, the volleyball team’s 17 members ac-
crued 741 athlete-exposures (scheduled team practices or
games) during the course of 1 season. With 5 observed inju-
ries, the estimated IR was 6.8 injuries per 1000 athlete-expo-
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sures (95% CI: 0.83, 12.7). Note the wide CI because the
values are based on only 1 season of data from 1 football team
and 1 volleyball team. Regardless, the rate (but not the risk)
of injury in the football team is nearly twice the rate in the
volleyball team.
If researchers limit themselves to measures of clinical in-
cidence, they cannot effectively communicate to the public
about the true risk of injury. Fortunately, during recent years,
authors of the sports injury literature have tended to make less
use of clinical incidence and more use of the IR when report-
ing data on injury incidence (for example, see Table 3).
Rate Ratios and Risk Ratios
To quantify how much higher the football rate is relative to
volleyball, we can compute the rate ratio, which is simply the
football rate divided by the volleyball rate, or 11.3/6.8 5 1.7.
The formula for the CI for the rate ratio is more complex than
the previous formula. It involves working with the natural log
of the IR ratio (ln IRR) and the inverse of the natural log, exp
(or e). The formulae are as follows23:
1 1
Estimated SE(ln IRR) 5 1 and!# injuries # injuriesA B
Estimated 95% CI 5 exp[ln IRR 6 1.96 3 SE(ln IRR)],
where # injuriesA and # injuriesB are the number of injuries
in the numerator of each of the 2 rates (ie, the number of
football injuries and the number of volleyball injuries). This
gives an SE for the rate ratio of
1 1
1 5 0.47!44 5
and a 95% CI of 0.7, 4.3.
The ratio of the 2 risks is another way to measure the in-
creased incidence of injury in football relative to volleyball.
The risk ratio comparing football with volleyball is 0.611/
0.294 5 2.08. Calculating the CI for the risk ratio, like the CI
for the rate ratio, involves using the natural log of the risk
ratio (ln RR) and the inverse of the natural log, exp (or e).
The formulae are as follows23:
Estimated SE(ln RR)
1 1
5 21# injured athletes total # athletesA A
1/21 1
1 2 and2# injured athletes total # athletesB B
Estimated 95% CI
5 exp(ln RR 6 1.96 3 SE(ln RR)),
which gives an SE for the risk ratio of (1/22 2 1/36 1 1/5 2
1/17)1/2 5 0.4 and a 95% CI of 1.0, 5.0.
We can also take the difference, rather than the ratio, of the
rates or risks. In that case, we would report the risk (or rate)
difference. The advantage of the rate difference over the rate
ratio is that it includes information about the scale of injury
rate, which is lost when a ratio measure is computed. For
example, if the injury rate were 2 per 1000 athlete-exposures
in football and 1 per 1000 athlete-exposures in volleyball, the
rate difference would be 1 per 1000 athlete-exposures (2 per
1000 minus 1 per 1000) and the rate ratio would be 2 (2 per
1000 divided by 1 per 1000). The rate difference retains the
original scale of measurement for the rates (per 1000 athlete-
exposures), whereas the rate ratio does not. On the other hand,
if the injury rate were 2 per 100 000 athlete-exposures in foot-
ball and 1 per 100 000 athlete-exposures in volleyball, the rate
difference would be 1 per 100 000 athlete-exposures (2 per
100 000 minus 1 per 100 000), but the rate ratio would still
be 2 (2 per 100 000 divided by 1 per 100 000). The rate ratio
does not depend on the background incidence, just on the rel-
ative incidence of the 2 rates. The fact that incidence is much
lower in the second situation is reflected in the rate difference
but is not obvious from the rate ratio, which is 2 in both
situations. Rate ratios are far more widely used in epidemi-
ology than are rate differences.
Advantages of Rates Over Risks
In the example above, the rate ratio is lower than the risk
ratio because the rate ratio accounts for the fact that the foot-
ball team has more games and practices in a season than does
the volleyball team. Thus, the benefit of the IR for the scientist
is that the rates for the football and volleyball teams can be
more directly compared because it incorporates information
about variations in the time at risk between the teams. More-
over, within-sport comparisons are more meaningful because
variations in the participation of individual athletes can also
be accommodated. Furthermore, if rates were computed per
athlete-minute, even finer variations (ie, length of volleyball
game versus length of football game) could be controlled. The
IR is particularly useful when comparing injury rates in spe-
cific situations, such as game rates versus practice rates and
artificial surface rates versus grass surface rates and by player
position.
However, when rates are compared among studies, they
need to be measured on the same scale (athlete-hours, athlete-
minutes, or athlete-exposures). Authors report incidence in
many different ways; however, in many cases, the IRs based
on athlete-hours can be converted to athlete-exposures. We
encourage researchers to report their denominator data in detail
(using a table) and to report the IRs using different denomi-
nators, as in a recent study of anterior cruciate ligament injury
in the National Basketball Association (see Table 3).24
Advantages of Risks Over Rates
From a layperson’s perspective, the IP is more intuitive than
the IR because it has an obvious interpretation as the average
risk per athlete over a defined period (such as a season). Un-
like the IR, the IP involves athletes, not athlete-time, in the
denominator, so it can be understood without needing to com-
prehend the concept of person-time. Furthermore, information
conveyed by the epidemiologic IP is more useful for risk as-
sessment than information conveyed by the IR. Students and
parents comparing the risks of participating in various sports
should use IP, not IR. The athlete typically participates in the
entire season (not just part of the season), so it makes sense
to use IP, which does not adjust for differences in the number
of games and practices among sports.
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SHOULD WE REPORT RATES OR RISKS?
Researchers have the choice of making statements about
injured athletes or number of injuries and, by extension, rates
or risk. If the research questions pertain to injured athletes, an
epidemiologic IP may be interpreted as the athlete’s average
risk of at least 1 injury. Whether that risk is subdivided into
first and subsequent injuries will be driven by the research
context. For example, it is extremely useful to know the prob-
abilities of initial and subsequent injury in full-contact sports
such as football and regarding commonly recurrent injuries
such as concussions. However, if the research context deals
with sports with few multiple or recurrent injuries, an epide-
miologic IP for overall injured athletes may suffice. In short,
if the unit of analysis is injured athletes, the epidemiologic IP
is the best measure to approximate risk.
On the other hand, if the research questions pertain to the
frequency of injuries per unit of exposure time, then an IR is
the most helpful measure of incidence. The use of athlete-
exposures is well established in sports injury research and fa-
cilitates comparing injury incidence in sports with variations
in athlete-exposures or when time at risk within a single sport
varies among athletes—distinctions not addressed by the epi-
demiologic IP.
The third measure, clinical incidence, uses the numerator of
the IR but the denominator of the epidemiologic IP. It is there-
fore neither a rate nor a risk. Authors have frequently referred
to it as a rate, possibly because proportions are often incor-
rectly labeled as rates (eg, case fatality rate and response rates
are frequently used proportions whose names are misno-
mers).25 Because this measure has no meaningful interpreta-
tion as an epidemiologic measure of incidence, we urge that
its use be discontinued as a marker of average risk. In sum-
mary, the choice of which measure to report should be driven
by the goals of the study.
NEED FOR STANDARDIZATION OF STUDY
METHODS
Currently, it is very difficult to compare injury incidence
estimates among published studies for 2 main reasons: (1) in-
vestigators have used very different methods for collecting in-
jury data, different injury definitions, different ways of defin-
ing and collecting data on time at risk (exposure), and different
ways of estimating incidence (see Table 1); and (2) authors do
not report their methods in sufficient detail. The lack of detail
in the Methods sections of sports injury papers is particularly
frustrating because it denies readers the chance to interpret
differences in reported incidence among studies as a function
of differences in study methods. For example, in one report,
the incidence in concussion in rugby union ranged from 0.1
per 100 player-seasons to nearly 10 per 100 player-seasons.26
Differences of this magnitude (100-fold) cannot be attributed
to underlying variations in the incidence of concussion among
the various rugby-playing groups who formed the study pop-
ulations but rather must be attributed in large part to differ-
ences in detecting concussions, counting time at risk, and com-
puting measures of incidence. Researchers urgently need a
checklist of items whose documentation should be required
when they report sports injury data (eg, definition of injury,
who collected the injury data and when it was collected, how
time at risk was defined, and who collected time at risk data
and when they were collected). If would be even more useful
if researchers could agree on a core set of methods to be used
in sports injury studies.27
CONCLUSIONS
We all have a scientific responsibility to correctly report the
incidence of specific sports injuries; however, it is equally im-
portant to interpret the chosen measure of incidence for the
target audience. For community members and more laypeople
who want to know about injury risk (eg, coaches, players,
media, and parents), the epidemiologic IP is an appropriate
measure. This can be easily explained as the average proba-
bility of injury. For research purposes, the IR is preferred be-
cause it is a more accurate representation of the rate of injury
based on time at risk. We discourage researchers from report-
ing the number of injuries divided by the number of athletes
at risk (clinical incidence) as if it were an IR, because this
quantity is neither a rate nor a risk. Certified athletic trainers
who have an understanding of both IP and IR will be better
positioned to interpret injury surveillance statistics; commu-
nicate more effectively with physicians, parents, coaches, and
athletes; and ultimately make safe return-to-play decisions.
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